Industrial parks are specialized areas that undergo high-intensity economic activities and high-strength resource consumption. Additionally, environmental water carrying capacity is one of the most important supports for sustainable regional development. In this paper, the Fushan Industrial Park in Zhuhai City was selected as a case study, and an integrated evaluation indicator system for environmental water carrying capacity was established according to the environmental and socio-economic status and development plan for this industrial park. The water environmental carrying capacity evaluation model was established according to simulations of socio-economic activity. Our model can forecast the value of assessment indicators to represent their impact degree, which is brought about by socio-economic activities. Next, an entropy indicator assessment method was proposed to analyze the changes in environmental water carrying capacity and to obtain key indicators. The results demonstrate that the industrial park's development can be supported within the carrying capacity of the current environmental water resources. However, it will exceed the carrying capacity in the future if the industrial park develops without any sustainable regulation or ecological protection, such as water saving technology.
Introduction
Industrialization is an important factor that drives economic development. In China, industrial output is currently experiencing a trend of fast growth, with a yearly average ratio of 15.6% since economic reform instituted by the government, and accounts for a large portion of the GDP, from 44.1% in 1978 to 46.8% in 2010. However, rapid industrialization can also result in serious environmental and water pollution, especially in the region encompassed by industrial parks. Additionally, water resources are limited, so the water carrying capacity of a region, which includes environmental self-purification capacity and resource supply capacity, becomes a significant factor in regional sustainable development [1] .
The connotation of water carrying capacity
The concept of carrying capacity is rooted in demography, biology, and applied ecology [2] . In ecology, carrying capacity is defined as the maximum population of a species that a habitat can support without permanently impairing the habitat's productivity [3] . Carrying capacity is an indicator of regional sustainability, and achieving regional sustainability is important because social institutions and ecological functions are closely linked at this scale [4] .The concept of a sustainable carrying capacity is defined by a regional ecosystem's characteristics based on two premises. First, it must be possible to sustain the regional ecosystem's normal operations. Therefore, researchers must calculate the quantity of resources and environmental capacity required to sustain these functions. Second, it is necessary to evaluate the regional population and intensity of activities that the natural resources can support after considering the needs of the ecosystem. This approach prioritizes the health of the regional ecosystem and potentially avoids defects related to overcomplicated calculations due to the more limited scope of the analysis.
The concept of environmental carrying capacity in China was first presented in a report about comprehensive environmental research of the Meizhou developing zone in Fujian Province [5] , which interpreted that the ability of a region to support the threshold of human activities during a definite state or condition for a defined period of time. Since then, the theory of environmental carrying capacity has been widely applied in environment planning and management. The carrying capacity depends strongly on environmental water resources. However, there have also emerged some theoretical studies of carrying capacity based on regional water resources because this capacity is most often included within the larger theory of sustainable development. For example, Falkenmark and Lundqvist (1998) used estimates of the maximum global use of water resources to study how carrying capacity is determined by regional water resources [6] . Another example is a study of the Florida Keys Basin's carrying capacity in the United States [7] , in which researchers modeled carrying capacity under different land-use scenarios. In China, severe environmental problems have forced the government to initiate a series of studies to determinate carrying capacity based on regional water resources in areas with severe water shortages, such as western China and the North China Plain [8] [9] . These studies mainly focus on the scale of social and economic development that can be sustainably supported by a particular basin's or region's water resources without disturbing the ecosystem's normal operations [10] .
Therefore, environmental water carrying capacity is an important part of environmental carrying capacity, and there emerged so much definition referring to environment water carrying capacity. Thereof the definition can be categorized into three types: 1) the carrying capacity of the comprehensive elements [11] , 2) the carrying capacity of the population [12] [13] , and 3) the carrying capacity for social and economic development [14] [15] . Generally, the connotation of environmental water carrying capacity can be interpreted for the following points, first a strategy for a sustainable development framework must be discussed; second regarding environmental water carrying capacity as a part of the ecological system, the ability of the water resources to support the regional population, resources, environment, and coordinated development of the economy must be comprehensively considered; third the environmental water carrying capacity is influenced by natural factors, as well as many social influences and restrictions, such as socioeconomic status, national policy, control levels, and socially coordinated growth mechanisms.
Method to evaluate environmental water carrying capacity
There are many research methods to quantify environmental water carrying capacity, such as the indicator-evaluation method, multi-objects model, vector modulus, and the space-state analysis method. The indication-evaluation method applies some mathematical theory to calculate and analyze environmental carrying capacity, including obscure mathematical methods, the gray relation assessing method, and principal component analysis [16] [17] . The indicator-evaluation method establishes a reasonable indicator system that yields intuitive and clear results. Therefore, it is generally the most popular method used to assess environmental water carrying capacity.
The multi-objects analysis method regards the studied object as an entire system and generally adopts a decompose-coordinated systematic analysis approach. The system can be divided into several subsystems, whose interrelation can be connected by coordinated relevant variables. The analysis of the relationships among variables can be depicted by several mathematic constraints. Therefore, the status and distribution of each element is sought in pursuit of maximum profit [18] [19] . According to environmental water carrying capacity, it is necessary to select various goals (e.g., of the society, economy, population, and ecological environment) and simultaneously quantify optimizing objectives and constraint conditions coordinated with the aforementioned goals. Thus, some different developing projects can be combined with model simulations and predictions for decisive variables in different years. In practice, the developing scale for social economical development and the population can be viewed as the environmental water carrying capacity [20] .
According to aforementioned analysis, the carrying capacity of water resources is a concept with attributes related to both nature and society. This indicates that it is a complex, large-scale system, involving numerous factors (including but not limited to population, resource availability, the environment, ecology, society, economics, and technology). These factors interact as both causes and effects, restrict each other, and result in both positive and negative feedback. The answers to several important questions about whether the sustainable development of a social economy can be successfully achieved and whether a favorable ecological system can be smoothly realized exclusively depend upon the relationship between these factors. The analysis of complicated relationships is a difficult problem, which can be effectively solved through a mathematical method derived from system dynamics. Moreover, a region's carrying capacity will change over time due to changes in the available environmental resources and can only be calculated by specifying the time period and the natural and socioeconomic development levels during that period. Considering characteristics such as the complex environmental water carrying capacity and its many influencing factors, a dynamic system was applied to simulate changes in environmental water carrying capacity, and then, the index valuating method was applied to assess the variable trend of environmental water carrying capacity.
Case study
Fushan Industrial Park is one of four important industrial parks in Zhuhai City and has a planning area of 151.59 km 2 . The goal of planning is that shaping electronic information, household as dominant industrial colony, basically developing the shipping engineering, vehicle manufacture and using new energy new technology and new materials as the core harbor industrial colony. The planned population of Fushan Industrial Park is 350,000, and the area of land available to build on is 62.7 km 2 . Referring to the planning of Fushan Industrial Park, the initial year of planning was 2008, the initial stage is scheduled to last from 2009 to 2015, the interim stage is from 2015 to 2020, and the final period is from 2020 to 2030. Based on a basic analysis of the planning of this industrial park and due to its anticipated large expansion,
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the development will undoubtedly put pressure on environmental resources. Environmental water carrying capacity may act as an objective judge of sustainable development, which can provide a guide for industrial park development. Because of coordinating with industrial park planning, it is necessary for protecting ecological environment. Surrounding about water environment, it is significant for water environment to form the structure and function of water ecology. Herein, the sustainable development of the industrial park can be partially ensured by maintaining the water environment stability and health. Based on the character and object of research, the environmental water carrying capacity valuating model was constructed by simulating part jointed with valuating part, the first part mainly simulating the concrete value of indicators, which can be reflected the influence degree which was brought about by the population and socio-economy activities, then the other part was applied to analysis the varied trend of water carrying capacity and recognize the domain affecting factors.
Methodology

The environmental water carrying capacity model
We used STELLA software to explore the consequent interactions of the industrial park's social, ecological, and economic domains and then simulated the development of Fushan Industrial Park. The aforementioned research on environmental water carrying capacity is so complex that it is necessary to construct a network schematic to determine the interior key point and predominant relationships. In this paper, the entire system was initially divided into several subsystems, each subsystem was comparatively analyzed, and the relationships between every subsystems were simultaneously studied. Based on this work, a model of the environmental water carrying capacity was comprehensively constructed. Combined with the practical developing characteristics of the industrial park, the industrial park of environmental water carrying capacity includes four subsystems: a water resources subsystem, industry system, population system, and water pollution system. While analyzing the relationships between these subsystems, various streams were introduced to analyze the structure of the system. By adopting special symbols, a flow graph was constructed to systematically depict the state variable, rate variable, auxiliary variable, information flow, and material flow.
Populations generally discharge pollution, but they also promote economic development. The circle represents, accompanied with incensement of domestic water usage, the pressure on saving water is amplifying. In this subsystem, the population volume is the state variable, but the birth rate, death rate, and net immigration rate are variable, which are affected by definite factors such as economical level, environmental state, and policy.
There exist so many differences between the characteristics of different industrial vocations, especially the relationship between pollutant discharge and investment. Thus, the economic system can be divided into several industrial vocations, such as electronics manufacturing, the paper industry, furniture manufacturing. In the economy subsystem, the total industrial value is the state variable, and the variation of the total industrial value both affects the investment used to treat industrial pollution and is largely decisive on the industrial water usage volume and pollutant discharge.
The total sewage discharge volume can be determined by the discharge volume and treatment volume of domestic and industrial sewage. Industrial sewage can be affected by the industrial park's water use volume and discharging coefficient and domestic sewage can be impacted by the domestic water use volume and discharge coefficient. In this study, chemical oxygen demand (COD) and ammonia nitrogen NH3-N were selected as target pollutant indicators, which are strongly interrelated with discharge volume and pollutant density. In this circuit, the pollutant load of a water body is largely impacted by the sewage discharge volume, pollutant increment, and treating system.
The water supply subsystem is dependent on transferred water, underground water, and the supply infrastructure. Water volume demand, transferred water volume, and underground water are partially dependent on investment. The volume of water supplied is intimately related to domestic, industrial, and environmental water use, as well as some water use by the infrastructure.
Our model was constructed from four parts. Initially, the population subsystem included the birth rate, death rate, and immigrating rate, which generates an impact on water consumption and pollution production. Moreover, the key subsystem is the industrial portion, which is comprised of four major industries (i.e., the manufacturing industry, household manufacturing, the paper industry, and the textile industry). Each industry has a respective water consumption volume and characteristic pollution discharge, which is represented by a series of parameters (e.g., such as ten thousand Yuan per water demand, water reusing ratio, wastewater produce rate, treatment rate of industrial effluents, and pollution levels in sewage). In this subsystem, the industries are responsible for waste management and treatment. The last subsystem is water supply, which contains two water supply stations and the industrial water reuse volume. 
Index and valuating method for environmental water carrying capacity
The indicators of environmental water carrying capacity can play a key role in evaluating environmental water carrying capacity. Due to the complexity and diversity of regional economical environment systems, it is seemingly impossible to assess all activities to determine environmental water carrying capacity. Therefore, it is necessary to build an index to select the typical and quantifiable indicators that represent the practical status of environmental water carrying capacity. In this paper, from the perspective of the structure and function of an industrial park, the indicators were established to represent the basic characteristics of the water environment and reflect the state of the economic element. In accordance with the aforementioned industrial park simulation model, the indicators were established from three aspects (i.e., water resources, water environmental quality, and water socio-economic activities)
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and mainly include the predominant indicators such as water supply and water consumption. The index of environmental water carrying capacity in Fushan Industrial Park is as follows in Table 1 . Based on the aforementioned index, assessing environmental water carrying capacity involves three steps: 1) calculating the value of each indicator, 2) determining the weight of each indicator, and 3) determining the comprehensive value of environmental water carrying capacity. The method for each step is depicted below.
To eliminate the discrepancy among the indicators in each indicator unit, the order of magnitude, and data quality, it was necessary to perform standardization. In assessing the environmental water carrying capacity, the indicators for the various properties can generally be divided into positive and negative indicators. Thus, the range method was applied to standardize the indicators. Assume that the raw data matrix is X={xij}m×n, and the standardized matrix is Y={yij}m×n. Here, m is the year, and n is the number of indicators.
For the positive of indicators, the computational function was as follows:
1 max min max min max min 0 min
For the negative of indicators, the computational function was as follows:
1 min max y max min max min 0 max
In functions (1) and (2), x ij represents the value of the j th indicator of year I, x max represents the optimal value, x min represents the lower limit value, and y ij represents the standardized values of the indicators.
Because each indicator has a different influence on evaluating objects, it is important to qualify the weight of each indicator. The methods were generally categorized into subjectively determined weights and objectively determined weights. To avoid the errors and shortcomings of subjective judgments, the entropy method was selected to qualifying weight, which was mainly applied to assess the utilized value of the indicators based on their own information.
First, to avoid the insignificance of entropy values, a non-negative process was applied to each indicator. The handling function is as follows:
Subsequently, we calculated the weight of indicator j in year i occupies the total weight of all of the indicators in year i :
Finally, we calculated the weight of each indicator:
Therefore, the entropy value of indicator j
Based on these two steps, the comprehensive value of environmental water carrying capacity was determined by the following function:
.
3. Case study
The simulation on indicator value
The simulated model of environmental water carrying capacity was established, and then the parameter were acquired from the Zhuhai City Statistics yearbook (2006-2010), environmental statistics data for the industrial park, and the dates provided by relevant departments. Moreover, some planning forecast data from the Fushan Industrial Park plan (2008-2030), the industrial plan of Zhuhai City (2005-2020), and some relevant Zhuhai infrastructure planning data were also used. Based on these parameters, the simulation was performed. However, to verify the model, it is necessary to select some parameters to contrast their actual and simulated values. Generally the comparing degree was between 95 and 100%. Therefore, the established model was reliable. Herein, a series of indicators was selected, which included population, industrial gross product, water use volume in industrial processes, COD discharge in industrial processes, NH3-N discharge in industrial processes, water supply volume at station 1, water
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supply volume at station 2, population water volume use, and water reuse volume in industrial processes. Herein, we considered data for 2008 to 2010 (Table 2) . *P, population; IGP, industrial gross product; IWUV, water use volume in industrial processes; ICOD,COD discharge in industrial processes; I NH3-N, NH3-N discharge in industrial processes; S1, water supply volume at station number 1; S2, water supply volume at station number 2; PWUV, population water volume use; and WRVI, water reusing volume in industrial processes.
As the table 2 show, the comparing value of predominant parameter in model basically located in ideal range,, therefore the model of reliability degree was high, the model could be carried out and the index was predicted to prepare for calculating the value of indicators.
Analysis of indicators of environmental water carrying capacity
The analysis was performed via the three following steps: calculating the indicator values, calculating the weight of the indicator, and determining the comprehensive value of the environmental water carrying capacity.
In accordance with the established index, each indicator was acquired with the model forecasting date. For example, the COD emission quantity of unit value of total industrial output (C1) was attained by dividing COD discharge in the industrial portion by the industrial gross product. Therefore, other indicators were gotten by each indicators of meaning. The index value was calculated as shown in Table 3 In light of the above-determined indices, the weight of the indicators was calculated using functions (3), (4), and (5) (see Table 4 ). Generally, it is necessary to qualify the threshold value of indicators to assess carrying capacity. Therefore, each indicator of environmental water carrying capacity has two values. One represents the optimal level; the other represents the lower limit. These values were determined by referring to the standard of eco-industry Park, the standard value of eco-city and eco-province and some other advanced industrial park (see Table 5 ) [21] [22] [23] . 
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Comprehensive assessment of environmental water carrying capacity
According to the standard and predicted values of the indicators, each indicator was standardized using functions (1) and (2) . Combined with the weight of the index, the comprehensive environmental water carrying capacity was calculated as shown in Table 6 . 
Conclusion
As the table 6 show, the variation of comprehensive value in plan can be depicted as follows, in the initial stage, the comprehensive value was viewed as retained certain level, and the declined of comprehensive value was not obvious; in medium stage, the comprehensive was beginning to represent the descending trend accompanied with the Fluctuation; in finial stage, the comprehensive value descended quickly, the rate of descend was faster than the second period. Overall, the comprehensive value of environmental water carrying capacity displays a descending trend, and the declining rate of the comprehensive value accelerates with the development of the industrial park.
Although the abovementioned trend in comprehensive water carrying capacity was decreasing, the value remained between 0.7 and 0.4. Thus, the environmental water resources can provide enough capacity to support the socio-economic activities of the industrial park. However, considering the descending trend, improving environmental water carrying capacity is suggested. Population immigration and the rapid increase in the economy are the predominant affecting factors. Therefore, in industrial production sectors, water-saving technology must be applied to improve the efficiency of water use, and according to the status of the district, a series of water recycling measurement must be implemented. Moreover, it is critical to focus on the management of industrial pollutants. On this point, strengthening the investment in environmental protection can be used to establish new waste treatment technology, further reducing the volume of pollutant discharge. In the everyday life the population, it is useful to advocate water saving and water recycling to reduce the volume of water consumed, as well as to advocate the reasonable treatment of waste to reduce the impact on the environment. This paper applied a dynamic system combined with index assessment to evaluate the environmental water carrying capacity in a planned industrial park. We considered two parts, people and industry.
Within the industrial portion, the regional industrial development and the characteristics of different industries with regard to water pollution can be taken into account in the model. Our results indicate that the environmental water carrying capacity displays a decreasing trend, but it is maintained at an acceptable level. Therefore, a series of measures, such as water saving and water recycling, may curb the negative trend. Moreover, the pollution intensity can be further related to sectors' or plants' technological level, productivity, and capital intensity. Thus, additional factors can be considered to affect the modality of industrial water pollution pressure. We plan to apply and extend this research for in-depth socioeconomic integrated regional water pollution control. If we can establish a relationship between these factors, the theory and method can be applied to guide the layout and development of industrial parks.
